321 L nd Pt

DOCUMENT RESUME

ED 031 415 24 SE 007 463

By- Yoder, John T, III

Development and Evaluation of Instructional Aids in a Technical Physics Course for Industrial Technology
Students. Final Report,

Saint Louts Junior Coll, District, Florissant Valley Community Coll, Ferguson, Mo,
Spons Agency-Office of Education (DHEW), Washington, D.C. Bureau of Research,
Bureav No-BR-8-F-062

Pub Date Jun 69

Grant-OEG-6-9-008062-0040-010

Note-114p,

EDRS Price MF-$050 HC-$580

Descriptors - Aud:ovisual  Aids, xCollege Science, Community Colleges, #Curriculum Development, Evaluation,
# Instruction, Instructional Materials, « Physics, * Technical Education

Identifiers-Ferguson, Florissant Valley Commursty College, Missourt

In order to study the effectiveness of programed matenal in problem solving,
four programed lessons were constructed and administered by audio-tape, 35mm
slides, and a printed manual, The details of these programs, as well as the tests to
evalvate them, are described. An outline 1s presented of a multi-media approach to
technical physics of which these programs are a part. Evidence 1s gven which
Indicates that the programs may have improved the student's problem solving ability,
however, no statistical significance between means for the methods was found.
Evidence is also given which indicates that the difficulty that students encountered in
solving problems might be due to reading difficulties, (BC)

e —




3
1
E
4

SLOOT 53

U.S. DEPARTMENT OF HEALTH, EDUCATION & WELFARE
OFFICE OF EDUCATION P A-2y

THIS DOCUMENT HAS BEEN REPRODUCED EXACTLY AS RECEIVED FROM THE
PERSON OR ORGANIZATION ORIGINATING IT. POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRESENT OFFICIAL OFFICE OF EDUCATION

POSITION OR POLICY.

FINAL REPORT

Project No. 8-F-062
Grant No. OEG-6-9-008062-0040 (010)

DEVELOPMENT AND EVALUATION OF INSTRUCTIONAL
AIDS IN A TECHNICAL PHYSICS COURSE FOR
INDUSTRIAL TECHNOLOGY STUDENTS

John T. Yoder TII
Florissant Valley Community College
3400 Pershall Rd.
Ferguson, Mo. 63135

June 1969

"U. S. DEPARTMENT OF
HEALTH, EDUCATION, AND WELFARE

Office of Education
Bureau of Research




FINAL REPORT

Project No. 8-F-062
Grant No. OEG-6-9-008062-0040 (010)

DEVELOPMENT AND EVALUATION OF INSTRUCTIONAL
AIDS IN A TECHNICAL PHYSICS COURSE FOR
INDUSTRIAL TECHNOLOGY STUDENTS

John T. Yoder III

Florissant Valley Community College
3400 Pershall Rd.
Ferguson, Mo. 63135

June, 1969

o b1 v

The research reported herein was performed pursuant
to a grant with the Office of Education, U. 3. De-
vartment of Health, Education, and Welfare. Con-

tractors undertaking such projects under Government

sponsorship are encouraged to express freely their

professional judgment in the conduct of the project.

Points of view or opinions stated do not, therefore,
necessarily represent official Office of Education
position or policy.

P i R T T L2t

U. S. DEPARTMENT OF
HEALTH, EDUCATION, AND WELFARE

Office of Education
Bureau of Research

i
’

T s i E.

e e —— s
e

2 S G R e S



e
3
2
L
3
E
4
4
¥
£
a

RAAELIES L ot S\ Sl SV A

o ST R ST ST AR T WAL T LT A

‘o

e A CCE A A e To e bl G b N b Lo e P

AT TNy A TAM AT AN TR MO Gt T TN R R O T T

n‘w&‘[ﬁw*‘»w*%

SECTION

Summary

Introduction

Method

Results

Conclusions

Appendix
Appendix
Appendix
Appendix

Appendix

Appendix
Appendix

Appendix

Table I

Table TT

A - Course Outline
B - Weekly Unit Outline
C - Laboratory Report Form
D - Weekly Quiz
E - Programmed Lessons
1. Newton's Laws of Motion
2. Circular Motion
. Rotational Motion

3

F - Formula Sheet

G - Pre and Post Tests
H

- Questionnaire

TABLES
- Group Test Scores

- Results of Questionnaire

o
s
1))

=3

[

D N O

\O

11

4

e ol

T T et i A




Bifalaessmd

AN T

Ry MM&;:m PATe

SUMMARY

In order to study the effectiveness of programmed
material in problem solving, four programmed lessons
were constructed and administered by an audio-

tape and 35 mm slide presentation and also by printed
manual. The details of these programs, as well

as the tests to evaluate them, are described. An
outline is presented of a multi-media approach to
technical physics of which these programs are a part.
Evidence is given which indicates that the programs
may have improved the student's problem soclving
ability; however no statistical significance between
means for the methods was found. Evidence is also
given which indicates that the difficulty that students

have in solving problems might be in reading rather than

in mathematics.
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INTRODUCTION

The recent increase in the number of two-yvear colleges and
technical institutions has caused great concern for educa-
tors about the teaching of physics in two-year curricula.
Because of the wide range in ability, and the vastly
different needs of the students in these technical programs,
the "standard” physics course is not appropriate for the
industrial engineering technology student. This is
evidenced most recently by a national meeting of leaders

in the field of technical education which was held at
Florissant Valley Community College and sponsored by the
Commission on College Physics, an agency of the National
Science Foundation. The most significant single outcome

of this meeting was that a different approach to the teach-
ing of physics in the two-year college is urgently needed.

This present project was undertaken as an attemnt to intro-
duce a multi-media anproach to technical physics with
special emphasis on problem solving and the reporting of
laboratory measurements and experiments.

METHOD

The technical physics course at Florissant Valley Commun-
ity College was redesigned into modular or weekly units,

a list of which is shown in Appendix A. An outline of a
typical weekly unit is shown in Appendix BE. Laboratory
experiments, reading assignments and problems were an inte-
gral part of each unit. Laboratory experiments or measure-
ments, as well as programmed problem solving lessons, which
are mentioned in the unit outline, were done in an open

lab situation. This means that the student came to the

lab for experiments or programmed problem solving lessons
any time during the week. The laboratory exercises
emphasized measurements and units, as well as an analysis
of the errors involved. Each lab exercise was written in
the form shown in Appendix C. At the end of all but a

few of the weekly units a ten minute quiz was given to the
student. A sample quiz which followed unit three, on the
laws of motion, is shown in Appendix D. No evaluation of
this modular approach was attempted; however student
comments about 1t were unanimously favorable.
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The major portion of this project involved the development
and evaluation of three programmed problem solving lessons.
Problem solving is a major objective for technology stu-
dents for several reasons. One reason is that problem
solving provides the student with the practice he neads

in ildentifying physical quantities, and the units associa-
ted with the instruments used to measure those quantities.
The author felt that an attempt should be made to determine
a means of improving the students problem solving ability,
as well as to identify the precise difficulty which students
have in problem solving. In view of these objectives, pro-
grammed problem solving lessons were developed to be admin-
istered by two different methods to two groups of students.
The two methods chosen were a written programmed manual and
an audio-visual form of the same manual which synchronized
an audio tape with 35mm slide presentations.

Approximately twenty-eight technology students enrolled in
the author's technical physics course (or ccllege physics)
for engineering technology students were divided randomly
into two groups. One group was to complete the programmed
lesson by means of the written manual and the other by

the A-V method. Because of student withdrawals the final
group sizes were reduced to ten in the written group and
twelve in the A-V group. The programmed materials used in
this project, as well as the evaluative tests, are described

in detail in the following section.

PROGRAMMED LESSONS

Four separate programmed problem-solving lessons were
developed, each of which required from thirty to forty-five
minutes to complete. The topics of the lessons corresponded
to the unit topic for that week. The topics were:

Newton's Laws of Motion - Part I
Newton's Laws of Motion - Part II
Circular Motion

Rotational Motion

= o

The written (printed) manwals were constructed first, from
which the A-V materials were later made. The three pro-
grams (four lessons) are shown in Appendix E. The format
that was used for each lesson included three to four
problems, each a little more difficult than the previous
one. Each problem in .a lesson consisted of the following
basic sequence of multiple choice questions.
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1. Statement of probklem with aporopriate diagram.

2. What is unknown?

3. What is known?

4. What equation or equations relate the un-
known to the knowns?

5. What would be the rearranged or combined
equations?

6. What would be the equation after substitution
of the knowns?

7. What would be the simplified equation?

8. What would be the result?

The questions in the finished manual were printed on one
side of a page only, with the answer to the previous ques-
tion at the top of each page. At the back of each manual
is an answer sheet which was used to evaluate which of the
steps in the problems presented the most difficulty to the
students. This answer sheet also contains the problem
statement and diagram to which the student could refer as
he considered his answer. The student was provided with a
rormula and glossary sheet to which he could alsoc refer
during the lesson. This sheet is shown in Appendix F.

Each of the questions printed in the manuals was photographed
on 35mm film, from which white print on black hackground
transparencies were made. For the last lesson on rotational
motion, soft colored backgrounds were used, and the students

" indicated their apprcoval of them in a questionnnaire to be

described later. A script was written for each lesson; it
not only asked the questions presented on each slide, but also
provided additional comments which were appropriate to a
given question. This script was reccrded on high gquality
stereo recording equipment by the audio-visual department

of the Instructional Resources Division at Florissant

Valley Community College. The voice was that of sz pro-
fessional announcer. The 35mm slides were then synchronized
to the audio tape using an appropriate signal on the second
channel of the sterec tape. As the A-V group began one of
the lessons, they were given the same answer sheets from

the back of the printed manuals that the written group had.
These answer sheets contained the problem statements to
which the student could refer during the lesson. The A-V
group was provided the same formula sheet (Appendix F) that
was given to the written group.

The effectiveness of the programs and the two methods of
presentation were measured by means of pre and post tests
designed in the manner of the programmed lessons {(as shown
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in Appendix G). These tests are quite similar toc each
other, in that they each contain ten multiple choice
problems which were carefully designed to test the stu-
dent's ability in each of the areas of problem-solving
that are presented in the programmed lessons.

Two of the questions require a complete solution to the
problem. One asks only for the unknown while three ask
for the known information in the problem. Two of the
questions ask the student to combine two or more formulas,
and the remaining two involve units only. As a supple-
mentary evaluation procedure, a questionnaire was given

to all students in the program at the time of the post
test. This questionnaire is shown in Appendix H.

RESULTS

The primary method of evaluation for the project was by
means of the scores on the pre and post tests. These
scores (shown in Table I) represent the mean number of

correct answers out of ten questions, expressed in percent.

Also shown are the standard deviations (S.D.) and the
sample numbers (N).

TABLE I

GROUP TEST SCORES

WRITTEN A-V

PRE  POST PRE  POST
Mean 4g 56 61 64
S.D. 20.2 20.6 18.0 17.1
N. 10 10 12 12

Those questions with more than one answer were considered
correct 1f the student chose one-half or more of the
correct answers. As is indicated in the table, the mean
scores of both the written and A-V groups did increase from
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the pre test to the post test. However, the relatively
large standard deviation indicates that this increase

in mean scores would not be statistically significant.

A standard t-test for comparison of the means of the two
different samples was computed using as samples the pre
and post test scores for both the written and A-V groups.
In both cases the values of t gave probabilities greater
than .05. The relatively high scores on both pre and
post tests for the A-V group seemed to indicate that the
scores were not randomly selected from the same normal
population. However, a t-test oi" significance indicated
that the means were not significantly different at the
.05 level. A second method of evaluation involved the
number of incorrect answers on the answer sheet at the back
of each lesson. This number of incorrect answers was
found to gradually decrease cver the four lessons.

The programs were also evaluated by means ol the ques-
tionnaire in Appendix H. Each of the questions on it have
five levels of response. In order to find the overail
response by the groups, a graduated weighting scale was used
ranging from +2 for strongly agree, +1 for mildly agree,
zero for not sure, -1 for mildly disagree to -2 for strongly
disagree. The results are shown in Table II.

TABLE I
RESULTS OF QUESTIONNAIRE
QUESTION WEIGHTED RESPONSE

Do you feel that the programs were
a help to you in problem solving? +1.04
Did the problems have too nmuch detail -.86
Were the problems generally too
difficult? -.55
Were the programs too long? -1.27

Did you like the colored slides
better than the black and white
slides? (A-V group only) +1.50
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Of the comments which were made at the bottom of the
questionnaire, not one was unfavorable toward the programs.
Of all the responses to question one on the questionnaire,
not one had a weight less than zero (not sure).

As an attempt to identify the difficulty which students
have in problem-solving, a tabulation of the number of
incorrect answers was made from the answer sheets of each
lesson. This tabulation indicated that students have the
most difficulty i:qientifying the known or given informa-
tion in a problem. The next most difficult task is to
choose from a list of formulas, which one applies to a
particular problem. The algebra and arithmetic in the
problems gave the students relatively little trouble.

CONCLUSIONS

The fact that the mean scores on post tests were higher
than pre tests for both groups, although not significantly
so, might indicate that this course, including the pro-
grammed lessons would improve a student's problem solving
ability. It is highly improbable ‘that both means would
show an increase just by chance.

The results of the questionnaire by itself would also
indicate that the programs were successful. The lack of
statistical significance in mean comparisons, probably due
to the low sample number, indicates that for these students
the written and A-V methods are equally effective. The
results of a tabulation of incorrect answers on the answer
sheets of each lesson would indicate that students enter
physics courses with reading deficiencies rather than
mathematics deficiencies, as is commonly believed. These
programs will be available at Florissant Valley Community
College as part of a multi-media approach to technical
physics.
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APPENDTIX A

COURSE OUTLINE

UNIT TOPIC CHAPTER

1 Background Mathematics and Trigonometry 1,2

2 Linear Motion and Kinematics 3,4
Newton's Laws of Motion 5

4 Priction

5 Statics 7
6 Circular Motion 8
1 7 Work and Energy 9
8  Momentum 10
9 Rigid Body Motion 11
10 Power, Efficiency and Simple Machines 12

11 Elastic Forces 13,15
12  Fluid Mechanics 14
: 13 Thermometry and Heat 17
é 13  Thermal Properties of Gases 18
; 15 First and Second Laws of Thermodynamics 16
: 16  Thermal Properties of Liquids and Solids 20

¥Chapter number in Modern Technical Physics, Beiser,
Addison Wesley, Reading, Mass. 1966
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APPENDTIYX &

WEEKLY UNIT OUTLINE

Introduction to physical phenomena related
to this week's topic (20 min.).

Discuss results of above and from these, design
experiments that will lead to a physical law or
relationship which governs the phenomena of this
week's topic (30 min.).

Do in class key experiment and/or have £ilm,
transparency, etc., to show the relaticnship
of the variables in question (25 min.).

Discuss the results and units, formulate %the
law or relationship and extend to more comn-
plicated situations (25 min.).

Problem solving session (optional to
student) (50 min.).

Lecture on conclusions and extension of tais
week's unit as well as tie in with previous

units (25 min.).

Hand out notes and assignment (including
problems) for next week along with test on
this week's unit. Collect solved problems.

Test on unit (10 min.).

Open lab and programmed audio-visual learning session
(90 min.) at the student's convenience.
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APPENDTIZX C

LABORATORY RIEPORT

EXPERIMENT NAME

PURPOSE:

METHOD AND DIAGRAM:

DATA:




CALCULATIONS:

DISCUSSION OF
RESULTS AND ERROR
ANALYSIS:
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TECH PHYSICS §
WEEKLY QUIZ 3
NAME

T F l. If an oLject is moving in a straight line with uniform
velocity then there must be a net force acting on it
to produce that motion.

T F 2. A freight train moves because the locomotive pulls
harder on the cars of the train than the cars pull
on the locomotive.

3. Newton's law of inertia says that if a body is in
motion in a straight line; then

1) it will eventually come to rest.

2) the forces acting on it will keep it in a
straight line.

; 3) it will stay in constant motion in a

: 3 straight line until a force acts on it.

4. The weight of a body is :

1) the same thing as its mass.

2) the same everywhere in the solar system.
1 3) the same for all objects that are the same size.
i 4) the gravitational force that the earth exerts
on it.

: 5. The unit of force in the British system of units is

pounds
slugs ,
kilograms :
newtons

il s

AN A

A A W

1
2
3
4

RN

nty sy,

6. The unit of mass in the MKS system is

AN

1) pounds :
: 2) slugs 3
: 3) kilograms ;
) ) newtons s
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7.

10.

If an object weighs 16 pounds its mass is

1) 32 slugs
2) 16 slugs
3) 1/2 slugs
4) 2 slugs

If an object rests on a frictionless horizontal
surface and if a force acting on it in a
horizontal direction is doubled, the acceleration
will

1) be halved.

2) be in the opposite direction to the force.
3) be doubled

4) remain constant

If a net force of one newton acts on an object
of mass one kilogram then the acceleration will be

1) 1 m/sec?
2) 2 m/sec?
3) 9.8 m/sec?

4) .5 m/sec?

If an object of mass ten slugs is accelerated
uniformly at one foot per second per second
then the force acting on it is

1) 32 1b.
2) 10 1b.
3) 3.2 1b.
4) 1 1b.
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APPENDTIZX E

PROGRAMMED PROBLEM SOLVING LESSON

NEWTON'S LAWS OF MOTION

Physics Department
Florissant Valley Community College
3400 Pershall Rd.
Ferguson, Missouri 63135

Fall, 1968
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Newton's Second Law of Motion

iZ’F = ma

Net force c¢r
T::::i} F
m sum of forces ( Zi )

VAV AV A A A A A R R

::::é> Acceleration (a)

Acceleration is in the same direction
as the force.

14
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Problem:

: What acceleration is necessary

A to increase the velocity of an
object from 6 m/sec to 10m/sec
in 2 seconds?

it vt sl

405 4 0A

vy 58308

) E-c
f Unknown: a
f Known: Fpyip = 10 1b. s

m = 1 slug

Equations relating unknown to knowns are:

) F = ma

) W o= mg

) d = 1/2 at?
) v = vy + at
)

)

)

gespesery £3 X

B Ak

2 F = Fpull
N = W
SF = W

RS
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Unknown is:

1) a

D) EEREX
3) EEEER
§) kxkxEx
5) kEE%¥

S YT

e i s g

{2

E-d
Unknown: a
Known: Fpyi; = 10 1b, m = 1 slug

Equations: §F = ma  ,3F = Fpy13

Rearranging equations to solve for un-

known:
1) a=&E£F xm
2) a = Fpull
m
3) a = =F
Frull
4y a = Fpull
ma
5) a = _mM
Fpull

~-16-




Unknown: a

Known information is:

1) kEE%%
2)  kEEEE

3) v. = 6 m/sec
§) *¥xex

5) v = 10 m/sec
6) *Exx%

7) t =2 sec

i

Unknown: a
Known: Fpull = 10 1b, m = 1 slug
Equations: ZF = ma, 2F = Fpy1l

Rearranged equations: a = Fpull
m

Substituting knowns into equation:
1) a = 1 slug
1 1b.

2) a = 1l slug
10 1b.
3) a = 10 1b.
1 slug

4y a = 10 1b. x slugs

1 1b.
10 slugs

5) a

-17-




A-c
Unknown: a
Known: v, = 6 m/sec s V.= 10 m/sec
» L = 2 sec

Equation relating unknown to knowns is:

1)  EEEE*
D) kEEER

3) a = e

by s#%x%x%
5) kEE¥¥

E-f
Unknown: a
Known: Fpull = 10 1b, m = 1 slug

Equations: =F =ma, ZF = F ;11

Substituted equation: a = 10 1b
1 slug

Simplifying units:

10 lb/slug
.1 ft/sec

10 ft/sec?

)
)
)
) 10 1b

PO OO

S~ S B
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% A-ad

1 Unknown: a

] Known: vy = 6 m/sec; v = 10 m/sec,
3 t = 2 sec

3 Equation: a = V = Vg

- t

3 Substituting knowns into eguation:
1 1) kEE¥E

2 2)  EEExE

3 3) g = 10 m/sec - 6 m/sec

2 sec

4 b)) EE¥EH

) 5) R¥¥%¥

%

5 =

Unknown: a
Known: Fpull = 10 lb

Equations: 2.7 = ma, L F = Frull

] Substituted eguation: a = 10 1b
; s1ug
% Answer: a = 10 ft/sec2

~-19-
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Unknown: a

A-e

—

T

f Known: v, = 6 m/sec, v = 10m/sec, t =
2 sec
Equation: a = V-Vo
t
Substituted equation: a = iU mgsec-6 m/sec
sec
Simplifying:
: 1) *¥%%%%
d D) XREXR
Q) ¥EExX
% L) *®%%%x
% _ U4 m/sec
1 5) a = —5%_¢
F
Diagram:

Problem:

What force would be
necessary to increase the
velocity of an object of
mass 2 slugs from 4 ft/sec
to 8 ft/sec in 2 seconds?

—-20 -
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Unknown: a
Known: v, -6 m/sec, v = 10 m/sec,

. p.t =2 Sf? . _ 4 m/sec
Simplified equation: a = 5 sec

B E T Loy Sk, VA N P

Simplifying:

FEKXFR
a = 2 m/sec
XEEXR
X ETE
¥ % REF

2

1oeng 3

Ul & o -
e e

RUREMERAROIEN N ity (e

Unknown is:

ANUJUT &0 N =

N N e’ N N NS

<M< B0
s
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A-g
Unknown: a
Known: v, = 6 m/sec, v = 10 m/sec, P

t = 2 sec
Equation: a = V—Vg
t

Substituted equation: a

10 m/sec - 6 m/sec
2 sec

a =

Answer: a = 2 m/sec2

Unknown: 3 F

Known information is: .

1) m 2 slugs
2) v = 8 ft/sec
3) w = 2 slugs ;
4y v b ft/sec |

5) vo—= 4 ft/sec
6) m = U4 slugs ?
7) VO = 8 ft/SeC

8) t = 2 sec

~22- L
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Bafenint vigairontpvune

: B
é Problem:
- What is the mass of a 320
: 1b. object?
F-c
Unknown: XF
Known: m = 2 slugs , v=8 ft/sec
Vo = U ft/sec , t = 2 sec

Equations relating unknown to knowns are:
1) d=1/2 at?
2) $SF = ma
. - d
3) v T

1) ve = v Can 2ad

0
5) v = Vo + at
6) = V-Vo
1%
7) w = mg
8) P =w

-23~-
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Unknown is:

VT =0 O 2
e e e e
EZ2pvp<g 3

F-d
Unknown: Z_F
Known: m = 2 slugs, v = 8 ft/sec,
Vo = U ft/sec, t = 2 sec
Equations: =_F = ma , a=""Y9
t

Combininb equations to solve for unknown:
1) m= =F
a

2) T.F = vpo + at

3) = F =m V;Vo

b = m
) EF Vo * at

5) =F

mv, + mat
-2h4_




B-b
Unknown: m

Known information is:

1) m = 320 slugs
2) m = 320 1b

3) g = 32 ft/sec?
4y w = 320 1b

5) g = 9.8 m/sec?
6) w = 32 1b

7) 2ZF = 320 1b

F-e
Unknown: =F
Known: m = 2 slugs, v = 8 ft/sec,
vy = 4 ft/sec, t = 2 sec
Equation: s-F=ma, a = Y"Vo
T

Combined equations: =ZF =m Vv

Substituting knowns into equation:

1) > F = I ft/sec - 8 ft/sec
2 sec

8 ft/sec - U4 ft/sec

2) P = 2 slugs X S8 =
3) =F = 2 slugs x 2 rt/sec - 8 ft/sec
by =F = 28lUBS 4 8 pr/sec - 4 ft/sec

2 sec
~25-




B-c
3 Unknown: m
y Known: g = 32 ft/sec w = 320 1b

Equation relating unknown to knowns is:

3 1) ZF = ma

2) d = 1/2 at?
3) W = mg
4y m = =ZF
g
5) m= ZF
a

1

F-f
Unknown: 2F
: Known: m = 2 slugs, v = 8 ft/sec
4 v = U ft/sec, t = 2 sec
] Equation: ZF =m ' ~ Vo

] t
Substituted equation:
8 ft/sec - 4 ft/sec

ZF = 2 slugs X

2 sec
% Simplifying:
| 1) S F = 2 slugs X 2 gté:ic
2) ZF = 2 slugs x 8 gté:ic
3) TF =2 slugs X 4 gtézic
4y) 3F = 2 slugs x 2 ft/sec

_26-
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i
5 B-d 13
: Unknown: m o
; Known: g = 32 ft/sec2, w = 320 1b ;
3 Equation: w = mg :

Rearranging equation to solve for unknown:

LA R

i< =0’ R
=

1) m
2) wm =

KRS P

3) m =

l, Ll) m - F (
4 5) m=% LB
2 g
: A5
= =
3 4
1 :-‘
3 i
s
: a4
4 b5
Z
E
b+ P
it f
by %
F-g i
{
3

4

Unknown: Z.F
Known: m = 2 slugs, V

»
vV, = b ft/sec, t

Simplified equation: I ft/sec
P = 2 slugs X 5 sec

N

N co

£t/
2 se

O w

ec
c

e
Py

o

CRMLATALNL (0 e TALY R LA v A

LR gt o

Simplifying:

1) ZF
’ 2) ZF
3) €F
4y &P =4 slug - ft

]
=

slug - ft/sec

slug - ft/sec2

[l
(oo

b slug - £t/sec®

AP

DY LS LS A

2
%]
1

—27~
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B-e
Unknown: m
Known: g = 32 ft/sec2, w = 320 1b
Equation: w = mg
Rearranged equation: m = g

Substituting knowns into equation:

RS XM AL gt

1) m = 1%9 1b - ft/sec?
i | 2) m= .1 1b - ft/sec?

320 1b .
32 ft/sec<

- 32 1b N
) m 320 ft/sec?

3) m

: 5) m= 10 1b - ft/sec2

F-h
Unknown: 2_F
Known: m = 2 slugs, V 8 ft/sec,

: Vo = ft/sec, t = 2 sec

Simplified equation: Y¥.F = I slug - ft/sec?

! Simplifying units:

1) EF - 4 £t - 1b

2) ZF = U4 1b - fg/sec2
3) SF = U ft/sex

4y sF =14 1b

~28-




§ Unknown: m
3 Known: g = 32 ft/sec, w =320 1b
§ Equation: w = mg
ﬁ : o _ 320 1b
; Substituted equation: m 32 Ft/se02
: Simplifying:
3
3 1) m = 10 1b
1 2) m= .1 1b
] 3) mo=16 __ 30
3 " ft/sec
i Yy m=1 1b
3 Tt/sec?
; 2
i - 1b/sec
? 5) m = 32 —&¢
j
g F-1
: Unknown: 2Z_F
] Known: m = 2 slugs, v = 8 ft/sec,
3 Vo = 4 ft/sec, t = 2 sec
3 Equations: S.F =ma, a = ' ~ Vo
t

Substituted equation:

8 ft/sec -~ I ft/sec

2. F = 2 slugs X 5 sec

Answer: SF =14 1b

-29-
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B-g
Unknown: m
Known: g = 32 ft/sec2, w = 320 1b

Simplified equation: m = 10 1D

AL giire sy AE{TE!?’;;; S

g B PRI VRV B s e

ft/sec?
Simplifying units:
1) m= 10 1b
2) m = 10 slugs
3) m= 10 slu%s
sec
4y m = 10 ft/sec?
G
Problem:
What acceleration would
an object weighing 32 1b Diagram:
3 have if it were pulled on a
| a rough surface with a 4 /}ﬁj P
4 1b force? The opposing A ]

frictional force is 2 1b. é%:

1

} ._'-;)Ff"’l

i

-30-




B-h
Unknown: m
: Known: g = 32 ft/sec?, w = 320 1b
; Equation: m = g
Substituted equation: m = 320 1D 2,
32 ft/sec
; Answer: m = 10 slugs
é G-a
j Unknown is:
1) =7
% 2) w
3) N
4 a
5) F,




Ll i

Problem:

What is the weight of an object
which has a mass of 10 kilograms?

Unknown: a

Known information is:

= 9.8 m/sec2

1) g

2; Fp = 2 1b

3) F = 2 1b

) gp2112 ft/sec?

5) w =32 1b

6) Fe =4 1b
~32~

1+

v N ' .
" 4 s b Y E A T T LT RTINS

LAt %

oy Yot

m i o i
s o LR S A g NI T R T

S0 St gt



Unknown is:

VUl =0 PO
N N N N s
S ESH

Unknown: a
Known: Fp = 2 1lb, g = 32 ft/se
w

= 32 1b, Fyy11 = 4 1b

ce,

2) a = V=Vp

3) 2 F = ma
By w = mg

5) d = 1/2 at?@
6) S F = Fpull +
7) &F = Fpuil - F

8) ZF = FpU.ll

g '
oy

~33-

Equations relating unknown to knowns are:




Unknown: w

Known information is:

9.8 m/sec?
10 n
10 kg
32 ft/sec?
10 kg
32 kg

e
T 30z 5@
[ T]

AU =0 N

Unknown: a
Known: Fp = 2 1b, g = 32 ft/secz,

w= 32 1b, Fpull = 4 1p
Equation: )

2F =ma, w=mg, JF = Fpull - Fp

Combining equations to solve for unknown:

1) ZF = ng
2) w = ma

by s F = v,
g
5) Fpull - Fp = gﬂ

2

[ e




Unknown: w 5
Known: g = 9.8 m/secc, m = 10 kg

Equation relating unknown to knowns is:

1) d = 1/2 at?@

2) w = mg
3) m= I
a
4y N = mg
5) SSF = ma

U ‘known: a
Known: Fp = 2 1b, g = 32 ft/sec?,
w = 32 1b, Fpull = U4 1b
Equations: S F =ma, W= mg,
2F = Fpuil - Fr
Combined Equations: Fpull’Ff = ga

Rearranging equation to solve for unknown:

]_) a = ._Z__F.
m
2) a = w
Fouil = Fr
3) a = Fpull - Fr
W
g
4) a = Fpyii - Fr
m

-35-




C-d
Unknown: w
Known: g = 9.8 m/secg, m = 10 kg
Equation: w = mg

Substituting knowns into equation:

1) w =10 kg x 9.8 m/sec?

= 10 kg .
2) W 9.6 m/sec<
3) w=132keg x 9.8 m/sec2
by w = 10 kg
32 ft/sec?
- 9.8 kg
5) W 10 m/sec?

Kuas

Unknown: a
Known: Fp = 2 1b, g = 32 ft/sec?,

W =32 1b, F, 00 = 4 1b
Equations: 3 F = ma, w = mg, 2F = Foui1-Fe

Rearranged equation: a = Fpull T f
TR
g
Substituting knowns into equation:
_ 2 1b-4 1b 4 1b - 2 1p
1) a 32 3) a = 32 i)
4 1b-2 1b 32 ft/sec<
2) a = 33 ft/sec? 5y g = 4 1b - 2 1p 5
32 1b % 3216 x 32 ft/s6c2
_ 2 1b - 4 1p
) a = T
32 ft/sec®

~36-




Unknown: w

C Known: g = 9.8 m/secz, m = 10 kg

3 Equation: w = mg 5
Substituted equation: w 10 kg x 9.8 m/sec

Simplifying:
1) w = 9.8 kg m/sec?
2) w = 980 kg m/sec
> 3) w = 198 kg m/sec?
; b)) w = 98 kg m/sec®

G-g
5 Unknown: a 5
: Known: F. = 2 1b, g = 32 ft/sec
g W= 32 1b, Fy 9 = 4 1b
i Equation: a = Fpull - Fp
W
g & 4 1b - 2 1b
] Substituted equation: a = 32 1b _
3 32 ft/sec”
1 Simplifying: 1b
1 a = U lo 3) a=1 ——_
g ) 1b ft/sec®
; ft/sec? b
. 1) a =2 ——
i _ 10 ft/sec”
/ 2) a =2 "Tp
’ ft/sect
ih
5) a=1__1b
ft/sec?

-37~




Unknown: w 5
Known: g = 9.8 m/sec<, m
Simplified equation: w =

10 kg

58 kg m/sec?

Simplifying units:

1) w= 98j

2) w = 98n

3) w = 98 m/sec?
b)) w = 98 kg

&
b
74
<
s
z4
i3
2
S
-
#
7
a
5

Unknown: a

Known: F, = 2 1b, 9 = 32 ft/sec?, w =
Fpuil = 4 1b 1b
Simplified equation: a = 2 1b

ft/sec?

G-h

32 1b,

Simplifying units:

1) a = 2 1b
ft/sec?

2) 4 = p ft=1Db

sec

2 ft/sec2
2 1b

3) a
by a

-38-




C-g
Unknown: w
Known: g = 9.8 m/sec®, m = 10 kg
Equation: w = mg

Substituted Equation: w = 10 kg x 9.8 m/sec?

Answer: [—-w = G8 n

G-1i
Unknown: a 5
Known: Fe = 2 1b, g = 32 ft/sec
w = 32 1b, Fpull = 11' 1b
h Equations: ZF = ma, w = mg,
. ZF = Fppui1 ~ Fp

3 4 1b - 2 1b

] Substituted equation: a = 32 1b

; 32 Ft/sec
”; Answer: a = 2 ft/sec?

TR >

N -39~




Problem: Diagram:

What force is necessary

a
to give an object weighing T\hl —_—)
1 F

9.8 newtons an acceleration
of 3 m/sec?@?

=
i/w

E
AT )

i

b
% iy,
] Problem: H i
] Diagram: :
: Two objects of 10 kg mass N N
] each are held together by /n« =Sa
; a thin rope. The total mass } w E
4 of the two objects is éé: 7 L
é my + m, = 20 kg. Object ////g%:; é;

a small pulley. A frictional

No. 1 hangs vertically from {ltob 1
force of 8 newtons resists

the motion of object No. 2 on Y Z
the horizontal surface. Find <
the acceleration of the ob- iL

Jects. The rope transmits W,

force from one object to the
other and the pulley changes
the direction of that force.

~40-
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1)
2)
3)
4)

5)
6)

Unknown is:

D-a

i 1)
2)

S S i e a3 2 0y g ma

3)
; 4)

5)
3 6)
N 7)

Unknown is:




D-b

Unknown: SF

Known information is:
: 1) F = 9.8n
} 2) m= 9.8n
] 3) g = 9.8 m/sec?
5 }4) w = 9.81’1
: 5) a = 9.8 m/sec
: 6) a = 3 m/sec?
1 H-t
4 Unknown: a
2 Known information is:
: 1) mp = 20 kg 6) my = 8n
3 2) my - 10 kg 7) mq + my = 20 kg
g 3) g = 9.8 m/sec2 8) Ff = 10 kg
) 4) g = 980 m/sec? 9) w = 10 kg

F

¢ = 8n 10) w = 8n

~4o-




Unknown: Z.F
Known: g = 9.8 m/sec®, w = 9.8n,
a = 3 m/sec?®

Equations relating unknown to knowns are:

1) N=W
2) ZF = ma
3) =F = nmg

g b) w = mg

5) q = V—VO

6) d = 1/2 at?

7) ve ='v02 + 2ad

SN Eimnmasatidl 100600

Unknown: a
Known: my = 10 kg, g = 9.8 m/sec?,

Fo = 8n, my + my = 20 kg

-f Equations relating unknown to knowns are:

: 1) EF =wy + F, 6) m1=%1
2) TF=(m +myda gy , .V -V
: 3)v=g t

] ’ > 8) wp = me

~-U3-




¥ ¥ 3 x An Yy
s e AT

Unknown: <F
Known: g = 9.8 m/secg, w = 9.8n,
a = 3 m/sec?

Equations: XF = ma, w = mg

~—

Rearranging equations to solve for unknown:

1) EF = mg

2) SF =W
a
) P = w
3) = (g)a
4y - P = ma
5) IF = (M,
g

-
n et l-uu_"h.m

P -
TS

Sord e | il
Rixie o Y T L dul MWy AR i v Buan

y-lz

I b,

bered
R St avriasreaas TR

w A L

Areme s}
FaRAP Nt 1y

'SR AR AP ¥ AL

[ Te—
{‘W

AP Wy

H-q4
Unknown: a

Known: my = 10 kg, g = 9.8 m/secg, Fo = 8n,
Equations: ZF = (m1 + myla, ZF
W1 T M€

W - Ff’

-
L

Combining equations to solve for unknown:
1) m,g = (ml + m2)a
2) ZF = mg - F.
3) myg - Fo = (ml + m2)a
) (my + my)g = ( m + m,)a
5) wy - Fp = (my +my)g

-4l

i

g e

T
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e




Unknown: <ZF 5
Known: g = 9.8 m/sec®, w = 9.3n,
a = 3 m/sece
Equations: EF = ma, w = mg
Rearranged equations: XZF = (¥)a
g

Substituting knowns into eguation:

1) =F = g.8n =~ X 3 m/sec
9.8 m/sec”
2) ZTF = 3 ﬁ)zgcf x 9.8 m/sec?
2
3) ZF = 3gméiec X 9.8 m/sec?
A2
1y =F = 9°89mgie“ X 3 m/sec®
H-e
Unknown: a 5

Known: my = 10 kg, g = 9.8 m/sec”,
Fo = 8n, my + my = 20 kg
Equations: Z.F = (m, + myja, ZF = wy - Fes
Wy T e
Combined equation: myg - Fp = (m1 + m,)a

Rearranged equation to solve for unknown:

1) a="m8 - Fr
m1+m2

2) a =% - Fp
m1+m2

3) a= "1 _
Mg =~ Hr

By a = myg + Fpe
myg + mog
N




+§ Unknown: X7

3 Known: g = 9.8 m/sec®, w
- a = 3 m/sec?
f 3 Equation: ¥ F = ma,
C Substituted equation:

9.8n
9.8 m/sec“

= 9.8n,

W = mg

X 3 m/sec®

Simplifying:

n - m/sgc2

1) m/secc

ZF = 30

2)

3)

. F

> F

.3 n - m/sec2

2

3 n - m/sec
m/sece

- m/sgc2

m/sec<

by 29.4 1

Unknown:
Known:

a
my
Ff =
Equations:

10kg, g = 9.8 m/sec2,
8n, m + my, = 20 kg
2F = (ml + m2) a, SF
Wy = mg

Rearranged equation:

Wl - Ff’

a"_‘

Substituting knowns into equation:
_ 10n - 8n 3) a=10kgx9.8 m/sec-8n
7 20 kg 10n

20 kegx9.8 m/sec2-8n 4) a=1Okgx9.8 m/sec2-8n
20 kg 20kg

1) a

2) a

10 kg x 9.8 m/sec2 - 10n

20 kg

5) a =

~-h6-
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D-g

] Unknown: S.F 5 5 %
- Known: g = 9.8 m/sec”, w = 9.8n, a = 3 m/sec :
I 2 {
1 . . o . - m/sec :
E 5 Simplified equation: F =30 4 ;
E 4 P 4 = 3 m/secc ;
= Simplifying units: :
E 1) ZF =3 n - m/sec® i
i? p
i} 2) =F = 3 kg ;
?7335 3) $F = 3 n/sec® g
;{%‘i by P =3 n

Unknown: a

Known: my = 10 kg, g = 9.8 m/Secz,
Fo = 8 n, m, + m, = 20 kg

Equations: T F = (ml + mé)a, F

Substituted equation:

4 = 10 kg x 9.8 m/sec® — 8n
20 kg.

i
=

=

1
=

Simplifying:

1) a = 980 kg - m/sec® - 8n
20 kg

2) a = 4.5 m/sec? - 8n

o s st b

Py ~Tras. )

3) a = 98 kg - m/sec® - 8n
20 kg

_ 9.8 m/sec2 - 8n
4) a 10 kg

~47-
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D-h
Unknown: ZF 5
Known: g = 9.8 m/sec, w = 9.8n,
a = 3 m/sec2
Equation: XF =(g)a
Substituted equation:
2ZF = 9.8n _ x 3 m/sec2
9.8 m/sec<
Answer: ‘ ZF = 3n r
H-h

Unknown: a 5
Known: mq = 10kg, g = 9.8 m/sec”,

Fo = 8n, my + my = 20 kg

- Q2_8
Simplified equation: a = 98 kgzo Eguec n

Simplifying units:

2
1) g = 90 kg - m/sec2 3) a = 94 kg - m/sec

20 kg - 10 kg
2
8 _ 98 kg - m/sec
2) a = 281(2 1o 20 kg
. 90 kg-
) 2 = 55ie




)y
pk’uﬁﬂyfmﬁ

!
i ;
| E
g' g Problem: Diagram: i
5 A ten pound force ,”\N ?
pulls an object of — 9
: mass 1 slug. What —
' would be the resulting —~—
acceleration? T/ FﬁLL
Vw
H-1i

Unknown: a
Known: m, =l0kg, g = 9.5 m/sec
m

Fp = 8n, +m, = 20 kg

2

1

Simplifying:
S 2
i) a = U5 m/sec

2) a = 4.5 m/sec2

3) a =29 m/sec®

by a = bU.5 kg

5) a =14 m/sec?
4o~




RN AR A T LE Tint S 28 i ¥.

x5 s gl

Unknown is:
1) F
2) m
3) v
B) a
5) N

pull

Unknown: g

Known: m. = 10 kg, g

1

E-a

v
Sy e iosd

St sy,
Wk Lt l‘:“ yre P

-

| nentnag

Fo = 8n, my + m, = 20 kg

Equations: XF

= (ml + m2)a, _F

Wy = me
Substituted equation:

a = 10 kg x 9.8 m/sec? - 8n

20 kg

= 9.8 m/sec?

3

H-J

Wl - Ff’

Answer:

a = 4,5 m/sec?®

~50~-
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w’
14
b
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NE
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L ¥
I i
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3
e
F:
b
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Unknown: a

Known information is:

1) Fpull = 10 1b
2

2) a = 3 ft/sec

3) m = 3 slugs

4 m = 1 slug

5) a =1 ft/sec2
7) SF =0

The acceleration of both objects is:
1) the same

2) the same in direction but
different in magnitude.

3) zero

4) the same in magnitude
but different in direction

—51-
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1t o83 03

-
. Answer Sheet Name
£ 3

g A. What acceleration is A-a 1 X , 2 ,3 4
: recessary to increase
: the velocity of b 1 , 2 , 3 X , U
3 an object from 6 m/sec
= to 10 m/sec in 2 seconds? 6, 7T X .
c1 ,2 ,3%X,U
s d1 ,2 ,3X,4
e 1 . 2 , 3 , N
£F1 , 2% ,3
B. What is the mass of B-a 1, 2 , 3 , M
a 3201b object?
b1 ,2 ,3 U4
6 , 7 .

C. What is the weight of an C-a 1, 2 y 3 , U
object which has a4 mass
of 10 kilograms? 6 .
b 1 32 33 3“
6 .




What force 13 necessary D-a
to give an object welghing
9,8 newton§ an acceleration

‘)

of 3 m/sec”?

b 1 2 3 4 5 )
6
c 1 2 3 4 5
6 7
a 1 2 3 4 5
e 1 2 3 )y
e 1 2 3 it
g 1 2 3 l
E. A ten pcund force pulls an E-a 1 2 3 Y 5
object of mass 1 slug. What
would be the resulting b 1 2 3 4 5 R
acceleration?
6 T
C 1 2 3 u 5 [
6 7
d 1 2 3 4 5
e 1 2 3 l 5
£ o1 2 3__
F. What force would be necessary F-a 1 2 3 4 5 s
to increase the veloclty of an
object of mass 2 slugs from 6
4 ft/sec to 8 ft/sec 1in 2
seconds? b 1 2 3 4 5 ,
6 7 8
('1/ .
4?\#1 ._;L_> -lflf> c 1 p) 3 l 5
il 6 7 8 f
S— | i
d 1 2 B i ") ‘
j e 1 2 3 l
~w
f 1 2 3 I
A
g 1 3, h__. 7 A
~54- h 1 3 4



What acceleration would an
object weighlng 32 1lb have
i it were pulled on a rouph
surface with a 4 1b. force?
The opposing frictional force
is 2 1b.

'T\A/

__j Frd“

Two objects of 10 kg mass each H-a
are held together by a thin

rope; the total mass of the

system being m, + m, = 20 kg.
Object number i hanés vertically b
from a small pulley as shown.

A frictional force of 8 new-

tons resists the motion of oh-

ject number 2 on the horizon-

tal surface. Find the

acceleration of the objects.

The rope transmits a force

from one object to the

other and the pulley changes

the direction of that force.

=a

E“W"Q
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PROGRAMMED PROBLEM SOLVING LESSON

CIRCULAR MOTION

Physics Department
Florissant Valley Community College
3400 Pershall Road
Ferguson, Missouri %3135

Fall, 1968
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LTINFAR MOTTON

V —

——
—V

3 —

Sveed Changes
Direction Same

Linear Acceleratilion

V -V
a = @]
—

CIRCULAR MO™INN

T \%

\
N

Speed Same
Direction Chanres

- YE centrinetal
r acceleration

(¢

B e e

LINEAR MOTION

TR s

A-a

CIRCILAR MATTOM

/'/*\.
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Problem:

A man swings a 4 1b. ball
(mass = 1/8 slug),
attached to a rope, in a
clircle of radius 3 feet
around his head. It is
travellng at a constant
speed of 12 ft/sec.

a) What 1s the centripetal
acceleration of the ball?
b) What is the centripetal
force on the ball?

A-b

Diagram:

Centripetal
force

X T

\

Unknown 1s:

l) F
2)
3)
4)
5)
6)

< P B = 3

-58-
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i Aruitoxt provided by Eic:



Unknown in part a) is:

1)
2)

)
)
)
)

MU =W

m
W
1«"
A
Vv
b

OO0

Unknovwn: 1

R-b

Knowr: inf'ormation ie:

- ERIC

Aruitoxt provided by Eic:

F, = 3200 1b
27 mi/hr
3200 1b

= 800 1b
b frt/sec
3200 1b
800 ft 5
32 ft/sec*

Q

munn

NRELIHI R

50



Unknc vn is:

Known information is:

8 ft

4 1b

12 ft/sec
4 £t

3 ft/sec
3 ft

8 slugs

1)
2)

Unknown: r

Known: F, = 800 1b, v = 40 ft/sec,

w = 3200 1b. g = 32 ft/sec?

Equations relating unknown to knowns are:

1)
2)

3)
b)

5)
6)




Unknown is: aa

Known: v = 12 ft/sec, r = 3 ft

Equation relating unknown to knowns is:
1) 2 F = mag
2) W:mg;

3) ac

h) a,

Unknown: v
Known: z

Equation:

Combining equations to solve for unknown:
1) Fo =w

2) w=T

3)




Unknown: aq

Known: v = 12 ft/sec, r = 3 ft

KE

Equation: a,
r

Substituting knowns into equation:
1) a. = 12 ft/sec
c 3 ft

2) a, = 1ug §E2/se02

_ 144 £t2/sec?
3) ac = 9 ftd

Y a = 12 ft/sec
) c g fte

Unknown: »r

Khown: F, = 800 1b, v = 40 ft/sec,

w = 3200 1b, g = 32 ft/sec?

Equatlons: w = mg, F, = mXE

c r

Combined equation: Fo = 2

®i=

A
r

Rearranging equation to solve for unknown:

l) pr = WV©
gF,

2) r = gFC
WV2
- u
3) r ch2

g
4y r ¥532

c

-b2-




Unknown: Aa

12 ft/sec, r = 3 ft
\,!2
T

Known: v

Equation: a, =

Substituted equation: a, = L

3 ft
Simplifying: ) )
~ = g [t€/seq-
1) a, = 48 £
e s 2
é = ft/cee
2) a, = 12 e
3) ac = U} rf’@(’;z_
“}
Ll) &c = 30 f.tf‘t 361
Unknown: r o

Known: T, = 800 1L, y = 49 rt/sec, w = 3200 1b
g = 32 fi/ceec
Equation: 7 = ¥ y@

¢ -
£ p 9
Rearranged equatisn: » = oA
non

Substituting knowns intc eaquation:
1) p = 809 1iv x Un £t/sec

32 ft/sece x 3200 1b.

3000 1b x 1600 ft9/nee’

32 ft/cece x BON 1b

3200 1b x 4¢ ft/sec
32 Tt/sec< x 80D 1b

3200 1b x 1400 fPt/sec
32 ft/sece x 8B00 1b

2 r =

3

~r

=3
it

=

g

=
"

-3
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Unknown:
Known:

8o

v 12 ft/sec, r

Simplified equation: c

3

ft

a_ = 48 rt2/sec?

ft

Simplifying units:

48 £t2/sec?
48 ft3/sec?
48 ft/sec?
48 ft/sec

1) a.

2) a, =
3)
)

Ao

e

Unknown: r
Known: F, = 800 1b, v
w 3200 1b, g

p = W Ve
g Fe

Substituted equation:

IEquation:

. 320
32

Lo ft/sec,
32 ft/sec?

0 1b x 1600 ft2/scc”

ft/secc x 800 1b

Simplitving:

) ,
1) r oo 1b-rt/sec’
ft/sec<=1b

. 2/canl
300 l1b=-ft</sec
ft/secs=1b

1b-ft2/sec?

2) r

3) r =200

ft/sec?¥1b

4) p 100 lb-ft2/5e02

ft/sec2-1b

-64-




Unknown: aa

Known: Vv = 12 ft/sec, r = 3 ft

g

Equation: a, =

. . _ 144 rt°/sec?
Substituted eguation: a, = I FL.

Answer: o = 48 ft/se32

Unknown: r

Known: Fe = 800 1b, v = U0 f‘t/secé
w = 3200 1b, g 32 ft/sec

_ 1b-ft2/sec?
r = 200 FE75ece-1b

Simplified equation:

Simplifyving units:

1) r = 200 ft/sec

2) r = 200 ft
3) 200 1b-ft
i) 200 ft/sec?
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Answer: a, = 48 ft/sec?

The direction of this acceleration is:

1) In the same direction as the velocityv.

2) Toward the center of the circle.

3) Away from the center of the circle,

4) Downward, toward the earth.

B ;
-

1

FW U
<

Unknown: r

Known: F, = 800 1b, v = h0 ft/sec,
w = 3200 1b, g = 32 ft/sec?
Equation: r = ¥ v2
g Fq 5 )
. - 3200 1b x_1600 ft</sec
Substituted equation: r 33 Ft/sec? x 800 1b
Answer: r = 200 ft
066~




Answér: ‘ a, = 48 ft/sec?

Direction:

Circle

Toward the Center of the

ST

;

Problem:

A pail of water 1s swung
in a vertical circle of
radius four feet. What
is the minimum time for
one revolution so that
the water doesn't spill?

-67-
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A-1
Unknown in part b) is:
1) m
2; w
3 Fa
) ag
5) Vv
6) r
C-a

Unknown is:

(]
~

VW E=w
N N e’ N’

IS4

ae

-68-




Unknown: Fa

Known information is:

1) 12 ft/sec
48 ft/sec?

)

) 48 ft/sec?
) 4 1b

) 1/8 slug

) 4 £t

Unknown: ¢t

Known information is:

1)
2)

3

§ ft/sec

4 fe 5
9.8 m/sec
4 ft

32 ft/sec?
c = I ft/sec?

g unauu

v
r
g
a
&
a




Unknown: Fc

Known: a,. = 48 ft/sec?,

c
m = 1/8 slug

Equation relating unknown to knowns is:
1) F, = mag
2) w = mg
3) m=Fe

&
SEDRE £

O Aty sy

i

C=cC
Unknown: ¢t
Known: r = U ft, g = 32 ft/sec?

Equation relating unknown to knowns are:

1) Fp = ma
2) Fc =m Y_z
' r
ve=_=L
3) T

h) t = 1/2 a,t?
8) ¥, = mg (at top)

0) v = 11.7_7..1.:
t

-70-



Unknown: F

Known:

Equation: F

c

ac

¢ ma

C

48 ft/sec®, m = 1/8 slug

Substituting knowns into equation:
F = 48 ft/sec?

1)

2)

3)
4)

c 8 slugs
F, = 8 slugs x U8 ft/sec?
F, = 1/8 slug x 48 ft/sec?
Fo = 1/8 slug x 1

48 ft/secc

-t

Unknown: ¢

Known:

Equations: F

C=-d

r=U4 rt, g = 32 ft/sec?
2
c * M !;, Fe = mg (at top),
= 2 r
Vav =

t

Combining equation for unknown:

1)

2)

3)

4)

mg = m 27 r2

te
mg = m ﬂZ%;E
2ne
mg = MZZ r

71~
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Unknown: F

Known: a 48 rt/secé, m = 1/8 slug

Equation:® c =M a,

Substituted equation: F, = 1/8 slug x
48 ft/sec?

Simplifyling:

8 slug - ft/sec?
12 slug-Tt/sec?
6 slug - ft/sec
6 slug - ft/sec?

1) F
2) Fg
3) F,
1) Fe

C=e
Unknown: ¢t
Known: r = I ft, g = 32 ft/sec?
Equation: F, =m ¥ F, =mg, v = 27/
r, , t
4T 2y
Combined equation: mg = m <2

Rearranging equation to solve for unknown:
1) t2 = 47 2pg
2) t2 = 477 2ppg
3y 2 = 42°r

)

. : )
by (0 = WZ%e?
™




A=
Unknown: Wc
Known: = U8 ft/sec?

m
Simplifiea equation: ¥, =

é/B slug 5

6 slug~-ft/sec

’
C

Simplifying Units:
1) Fe = 6 1b
Fe slugs
3) Fo ft/sec?
4) wq ft-1b

Unknown:
Known: r y
Equatlon: mg =

Rearranged equation:

Simnlifying for unknown:

l) t =

2) t
3) ¢

4) ¢




A=r ]

Unknown: FC

Known: a, = 48 ft/sec?, m= 1/8 slur ]

Equation: Fo = mag

Answer: F 6 1b

Unknown: ¢
Known: r =4 ft, g = 32 ft/sec?

Rearranged and simnlified eaquation: t = 27 };-

Substituting knowns into eaquation:

1) t (19 x 3.1 ‘ x 9.8 m/SecC
_ 2 I rt
§re
= l? . -y
3) ¢ x 3.14 x 32 ft/sec<

32 ft/sec”
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Answer: Wc = 6 1b

The direction of this force 1is:

1) In the same direction as the velocity.
2) Downward, toward the earth.

3) Awayv from the center of the circle.

) Toward the center of the cirecle.

C=-h
Unknown: ¢
Known: r = U ft, g = 32 ft/sec?
Equation: ¢t = 27|
3

. - 4 ¢
Substituted equation: ¢t 2 x 3.14 x 33 Tt/5602

Simolifying: 5
1) t = 6.28 x \‘}r%g

2) t = 6.28 x "1 sec?

[
4) t = 6.28 x ﬁ-gg—c:!a




Answer: a, = UB ft/sec?

a)

Direction: |Toward the center of the circle

Answer: FC = 6 1b

b)

Direction:]| Toward the center of the circle

Unknown: ¢t
Known: r =4 ft, g = 32 ft/sec?

Equation: t = 277'/-5.
6.28 x \[%secz

Simplified equation: ¢t

Simrlifving:
1) t = 6.28 x 2.8 sec
-~

2) t = g4§§ sec
6.28 Pl

Vﬁ sec

by ¢ Qégg sec

3) ¢t

~76=




Problem:

How big would the radius
of a curve have to be
in order for a 3200
l1b. automobile, travel-
ing 27 mi/hr (40 ft/sec)
to make the turn with-
out slioning. The
centrinetal force on
the car 1s the frictional
force between tires and
road. For this car that
force is 800 1b.

\

@ “""ﬁ %

. \/’

Centripetal forces

Unknown: ¢t 5
Known: r = 4 ft, g = 32 ft/sec

Simplified equation: t = _£-28

—55— sec
Simolifying:

1) t = 6.28 sec.

2) t = 12.8 sec.

3) t = 8.2 sec.

4y ¢t = 2.2 sec.

-7




Unknown: ¢

Known: r = U ft, g = 32 ft/sec?

Equation: ¢t = 227’§

Substituted eqVUation:

Q
1
~

t

b re

2 x 3.14 x\/

32 ft/sec?

Answer:

t

2.2 sec.

~78-
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A. A man swings a 4 1b, ball A-c 1 , 2 s 3 J s B ,
(mass = 1/8 slug),
attached to a rone, in a 6 .
circle of radius 3 feet
around his head. It is d 1l , 2 s 3 Iy s 5 ,
traveling at a constant
speed of 12 ft/sec. 6 s T
a) What is the centripetal
acceleration of the ball? e 1 , 2 s 3 4 .
b) What 1is the centripetal
force on the ball? f1 s 2 s 3 Iy .
- Centripetal g 1"——" 2 ? 3 4 )
force
e \(\\ hl __, 2,3 h___ .
(\ o 11 » 2 > 3 4 .
11 , 2 s 3 4 s 5 .
6—.
ml ,2 , 3 Y, 5,
6 [ ]
nl y 2 s 3 b .
o1l s 2 s 3 Y .
p 1 s 2 s 3 4 .
p 1 , 2 s 3 4 .
s1 ,2 , 3 4y .
B. How big would the radius B. |
of a curve have to be a1 2 3 ! > 5
in order for a 3200 6
1b. automobile, travel- B
ing 27 mi/hr (40 ft/sec) b 1 5. 3 y 5
to make the turn with- ’ )
out slipping. The 6 7 8
centrinetal force on —

’ the car is the frictional c 1 2 4 5
force between tires and ’ ’ ’
road. For this car that 6
force is 800 1b. -_—

TN d 1 2 3 b, 5 .
e 1 2 3 I .
N £ 1 2 3 Y .
i
“
Cemfipe\lﬁomcs h 1 2 3 4 .
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Ml 45 omnstn. “moiss te c REEE B ptea

A patlh off wateare T swnge
Ina vortieal elrele off
radius four feet. What
is the minimum time for
one revolution so that
the water doesn't spill?

-80-
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PROGRAMMED PROBLEM SOLVING LFSSON

ROTATIONAT, MOTION

Physics Denartment
Floriqsant Vallev Community College
3400 Pershall RA4.
Ferguson, Missouri 63135

Soring, 19060




Problem: Niagram:

A car motor io
rotating at 1320
rpm and has an 8
in., diameter fan
belt rnulley. Whnt
is the linear
sneed in mi/hr

of the fan bhelt?

Unknhown: t

Known: ¢, = 100 rad/gee, o= 10 0,
| 1T slur=te, a= o vud/. e,
r 1 11

Stunlifieod cauat ton:

s lipr=tl-rand/oee
- = ( tonap v oS Gt WD SR SOmEMN)m Sue: Wb
t 10) i

Tiwr1 v ing unif: E""""'"‘)

10 e

10 nee/rod
10 sece

10 rad/ec

nan i




UInknown is:

Pt
Unknown: ¢t
Known: @ 4 100 radésec, Fe = 10 1b,
I = slup=-fte<, &> = 0 rad/sec,
r = rt

Fquation: t = I (-0
-Fper

Subastituted equation:

o1 slupr=rt. (0=100 rad/=ec)
L= 10 b x 1Tt

Ancwor:




Unknown: Vv

Known information is:

1)
2)
3)
W)

1320 rrm
h in. (1/3 1)
32 ft/sec
= 1320 rpm
8 mi/hr
30 ft/semc”
£ 1tn. (273 f't)
rom & .1 rad/«cc

'-"‘S”-i<£‘<"$<

( & means annroximately
eaual)

Problem: Dingrrarm:

a) Yhat 1s the rotia-
titonal kinetic oncaney
of a 16 1h, bowline
ball that o vroiline
at 10 f't./«cec withoeut
clinntine? b)) What

oo It Tinecar kinetie

A TR LA {(The moment.
et i ool o o coelid
anhiere 1o /0 )




UInknown:
Known:

r
W
1

\'4

Neres

=l in (1/3 rt),
= 1320 ron,

rpm =

.1 rad/sec

Equation relating unknown to knowns i

1)

2)
3)

W)

5)

a =

r.

a

ve

r
v
w‘?r
d

t

rw

S

Unknown

in vart a) 3o

1)
D)
3)
4)
t;)

~N N
~t

]

v’
t
K.k,
0}
"’OE.
T

T




A-d
Unknown: v
Known: r = 1/3 ft. &

= 1320 rnm,
l rom = ,1 rad/sec

Equation: v = rw

Substituting knowns into equations:
1) 1/3 £t x 1320 x .1 rad/sec
2) 3 ft x 1320 x .1 rad/sec
3 1 ft x 1320 rom
) 1/3 ft x 1320 rad/sec
%) 1/3 't x 1320 x 1 rad/sec

<< <<
nnn i

[

OT—

[ et

P
V

(: - ’ !
Unknown: K.li. (Rotatlonal)

e e e

-

Known Information fo:

1) m =16 1b

2) v =10 rt/rec,
3) o= 30 ft/sec’
)y v = 3P ft/sec
5) w =106 1b

6) r =1 frt

7) T = 16 1h=rt

8) «° = 10 ft/sec

Fommny




A=0
Unknown: v
Known: r = 1/3 ft, «= 1320 rpn,
1 rpm = .1 rad/sec
Equation: v = re
Substituted eaquation:
ve=1/3 ft x 1370% .1 rad/sec

Simplifving:

1) v = 12%9 f't-rad/sec
2) v = l%%ﬂ rt-rad/scc
3) v = 1%3 ft=rad/rec
4) v = %%g ft-rad/sec

Unknown: K.F. (Retational)

Known: v = 10 ft/cec, ;= 32 Pt/nec?
w =16 1b,

Eauations relatine unkrawn to Knowns are:

G) K = 1/0 mv®

1) w = me ( .‘
2) KX = mph 7) mv =ﬂIua y
3) v = rew . ‘f:; Tr= 2/% mrt
4y Kit = 2/5 mr¢ . T= Jw

5; vV = % & . 10) KE = 1/2 Ta¥




A-f
Unknown: Vv ,
Known: r = 1/3 ft, & = 1320 rom,
1 rpm = .1 rad/sec
Simplified equation: v = l%g-ft-rad/sec
Simplifying:
1) v = 100 ft-rad/sec
2) v = 40 ft-rad/sec
3) v = 32 ft-rad/sec
4y v = 44 ft-rad/sec
C-a

Unknown: K.E. (Rotational)

Known: v = 10 ft/sec, £ = 32 .f‘t/sec2
w = 16 1bh, 5
Equations: w =ng, Vv = rew, T = % mr

)
K. = 1/2 Tw?

- ——— T SR 54

Combining equations to solve for unknown:

)
PP 2 ‘
1) K., = 1/° ﬂ.r‘(rl»;)
P'. r
r jas

- 2w
2) ]\.l‘.. = -'/p (‘ E

3) K.E. = 1/2 (%gwrP %ﬁ

4) K.E. = 1/2 (% %‘lr.?) vopl
5o ,

5) K.F. = 1/2 (1/2 W,.2 %2




Unknown:- v .
Known: r = 1/3 ft, & = 1320 rom,
1 rpm = .1 rad/sec
Simplified equation: v = 44 ft-rad/sec

Simplifving units:

1) v = h4 Ft/secp

2) v = Uh ft/sec

3) v = Ul rad/aec

4y v = 44 ft-sec

rad

.Unknown: K.F. (Rotational)
Known: v = 10 ft/sec, g = 32 Pt /sec?

w = 16 1b.

o ”

Equation: w = me, v = rld, T = [ mr¢

K., = 1/2 TG°

Combined equation: K.F. = 1/2 (1 gvi)

I~

)

Y

e wmimee oo s wonntll o coe G, § 0 e e Gamsemse ¢ TS s

— aere N -

Simplifvinge: va
1) K.lIh, = 1/2 —
. P:q
MY KGR, = 175 WY
e
3) K., o= 2/5 WYL
WV‘?

Wy K.th., = 1/5 —

-89- *
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A-h
Unknown: Vv
Known: r = 1/3 ft, GF= 1320 ron,
Vo 1 rom = .1 rad/cec
Answer: v = Uh ft/sec
Answer in units reoujred: CremTT T
1) v = &8 mi/hr
2) v = 30 mi/hr
3) v = 60 mi/hr
Ny v = Wh mi/hr
§
(\-"1
Unknown: EK.B. (Ratationnl) N
Knowvni: Vv = 10 ft/cec, ¢ = 30 Pt /et
w = L6 b i
Baquations: w = m&, Vv = rﬁf, | = »2/H mre
y b!

Koelo = 1/2 T

Combrined ecquation: K.F.

bt TOOE T Knowniss into oot tong

1) K.t

D) OKGE

> >
e
>
L]
—
.

L

BY K., = 178 X S=——ipney

.= 1/H X ==

ULV
176 V..
?t‘

o s m e emem

. ‘) .
6 1bh X ot e e

e v oo -t

‘/l, 3 e . .
.\“) '01,./:.".,(“

. 1 ¥
§ e e s ez e meecamp i deenid e
]/ ) x 3:’ 101./‘,“"..:’

-90-
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Unknown: v

Known: r = 1/3 ft, W= 1320 rpm,
1l rpm = .1 rad/sec

Equation: v = r&;

Substituted equation:
v =1/3 ft x 1320 x .1 rad/sec

Answer: v = 30 mi/hr

E. (Rotational)
10 ft/sec, g = 32 £t /sec’
16 1b

Unknown: K.
Known: =

v
W

pd
Equation: K.E. = 1/5 Eé;

Substituted equation:

16 1b x 102 ft2/sec?

K., = 1/5 X 32 ft/sec?

Simolifying:
.
1) K.E. = ° 1/2 x 100 Lb=fti/sec?

ft/sec~

2) o= 1/5 x 170 x 100 lhrgg/;ﬁg“

h=-ft2/sec?
“ft/secc

3) : 1/% x 1/2 x 10 &

-y
T y ! n 1=t Jeecs
) ; 174 x 1 YT




Prohlem: NMagram:
A larpge flywheel with

a 1 ft radius has a
moment. of inertia of

1 slug-ft2 and is
rotating at 100 radians
ver second (approx-
imately 1000 rpm). Tf
the maximum frictional
force that a brake shece
can apply to the wheel
is 10 1b, how long

will it take to stop
the flvwheel? Note:
Direction of rotation

is opposite to that of
frictional force.

- el R B R T N e L T T T Lo TN TRV TS

N=h

Unknown: K.F. (Rotational) A
10 PL7see o= 32 fPt/ree”

Known: v =
w = 16 1b
2
Equation: K K. = ,l v

Simolified equation:

\ TNHe "‘.q')i')
K.lio 2 1/6 x 1/2 x 100 Mhzltsee

r1. /e

“a—

Simplirving:

1) K.l. = ;0 rt-1b
DY K E. o= 00 rt-1bh/sen
3) K.E. = 10 ft=1hb
) K.k, = 10 ft=1b/sec

R T I




R-a
Unknown 1is:
1) W
2) r
3) I
4) T
5) Vv
6) t
7) F
8) d
C-1

Unknown Part a): Rotational K.E.

10 ft/sec. g = 32 ft/sec”
16 1lb

Known:

A\
w
Equation: K K. = 1/5 ﬂ%-

Substituted equation:

32 ft/secc

Answer to nart a): Rotational K.E, =
10 ft-=1b

L r e e e £
EETEINER PN

S i
L



L

i |

Pdem b
nknowrn:
Known information i:: - '~
1) I = 64 1bh=ft
2) e = 100 rad/sec
3) Fe =10 1b
by T = 1 slup=-ft*
) r=10 ft
6) v = 100 ft/sec
7) @& = 0 rad/scce
8) r=1 ft
P |

UInknown tn nart b):

‘) V"
”) ot

3) K.k,
hy w

8) P.K.
6) T

) T

-0l

. - -
R o —————er e e L




Unknown:
Known: @
I

r

1
1

R=c

= 10 1b,

100 rad/sec, F¥
= 8 rad/sec,

slug-ft2, @&
ft

Equations relating unknown to knowns are:

1)

2) A

3)
)

v

P
T

= @l
- w= o
= Tw
= -Fer (- because the torque
would nroduce counter-
clockwise motion)
mg
mre
r<
= I

Unknown:

K.E.

Known information is:

1)

16
10
32
32
16 1b
16 1b=ft
= 10 ft/sec

1b
ft/sec,
ft/sec”
f't/sec

gnwnonnan




H-d
Unknown: ¢t
Known: ), = 100 rad/sec, e = 10 1b,
I =1 slug-ft?, = 0 rad/sec,
r 1 f¢t —
Equatlon . d = C()“' Ct.)c) s T="T"-"P - (= [
1-

Combining equations for unknown:

_Ferl = Q.)._Z.‘_J.a

T"( = L«)" (t./_;(l
t

= W~ Gl
t

= Q)'tJO
t

Jv (Liinear) X
10 ft/scc, m = 30 ft/accr,
16 1bh

Unknown-

Known: v
W..

Fauat lons relatine unknown to knawns are:

-
w o= mp 6) V.F 1/2 mv*

K.K. = mph 1)

V 7 rw 8)

K.tleo = 0/0mped 9) T ¢
10) K.,

v o= (o
£, myd

- 0
(]

_d
VET




Unknown: ¢t
Known: &, = 100 rad/sec, Fp = 10 1b,

I =1 slug-ftz, ¢« = 0 rad/sec,
r=1Tft

Equation: o = W= o, ~='Ff'l’, = T

t
Combhbined equation: =-Ffr = &=
T t
Rearranging equation to solve for unknown:
1) ¢ = T(w - c2y)
-Fer
2) t = "Wfr'
T -wq)
3) t = -Frr (&W-ag)
T
4) t = -Ferl (& -03)

Cenm
Unknown: K.E. (Linear) ,
Known: v = 10 ft/sec, 5 = 32 ft/sec*
w = 16 1b. “
Equation: w = mpg, K.k, = 1/2 mv"~

Combining equations (o nolve for unknewn:
1) K.k, = 1/2 wv?

2) K.E. = 172 mv?
£

3) K.F., = 1/D mmvz

2
N)Y K.E. = 1/2 Wg

5) K.F. = 172 wgve

-97-




| Rt n
§ Unknown: t g
Known: Wwg = 100 rad/rec, ¥pe = 10 1b,
T =1 slug=-fte, W= 0 rad/sec, -
r=1Tfr1¢t
Rearranred equation: t = | (W -0)
..!-’f.'p -
Substituting knowns into equation:
1) t = 1 sluﬂ-f‘t;? (100 pad/iee =0 pad/ave) ]
' - 10 1b x 1 't
2y t = 10 slug=ft- (0 - 100 rad/sece) _
¢ =10 1b x 100 ft
3) t = 10 slup=fi? (100 rad/sce = 0 rad/zec)
- 10 1b x 1 ¢t -
4y ¢ = loslup=fti (0 = 100 rad/zec)
’ -10 1b x 1 ft
]
2 ]
-1t §
Unknown: K.k. (Lincar) o
Known: v = 10 ft/sec¢, y = 32 f't/cece _
w = 16 1b ) |
Bquation: w = my, K.l5o = 1/0 my! A
Combined ecquattion: K., = 1/0 wv! |
T N
TUbsEitul ing knewns into couation: -
1) K.E. = 170 x 16 1b x 10 tt/see |
: 32 tt/ceed 1
2y KoE. = 1/2 x 16 1b v 100 N_:__[_‘”_"”___‘_"z
3P L, /oo [
3 K..o= 170 x 16 1b ¥ .U‘Q. Frlone
3 L/ vl
16 1t % 10 o T
-

[IFRTT RNy W

e
-—
-
e
>~
.

o

-
.
]

VA ox At o
') ’ ‘), .\"".

16 1h v tan o ’“‘ ¢

1 T N TN B AP S AL 5 AR T S AL L A
Pt s

B et



B-g
Unknown: t

Known: W, = 100 rad/sec, Fg = 10 1lb,
I =1 slug-ft2, =" 0 rad/sec,
r=1ft¢t.

Equation: t = 1 (& - &)

-Fer

-ft2(0-
Substituted Fquation: t =l Siug-ftc(0-100 rad/sec)

-10 1b x 1 ft

Simplifying:
1) t = 100 slug fthz rad/sec
-10 1lb=ft
_ 0 slug-rt° rad/scc

2t = =9 1b-tt

3) ¢t = =100 slug-ft2 rad/asec
-10 1lb=ft

4y t = =99 slug-rt2 rad/sec
-9 lh=ft

C-0
Unknown: K. E. (Linear) 2
Known: v = 10 ft/sec, g = 32 ft/sec
w= 16 1lb

2

<

Equation: K. E. = 1/2 ¥

i ]

'~

p

2 ‘
S : « K.E.=1/2 161b x 100 ft</sece
ubstituted equation: K.E.=1/2 =7 Ft/secc

Simplifying:

2) K.E. 50 1b/ft
3) K.E. = 100 ft-1b

4) K.E. = 50 1b/ft
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RB-h

Unknown:
Known: ¢0
T

= 100 rad/sec, Fpe = 10 1b,
1 slug-fte, «w = 0 rad/sec,
1

hno o

r fi '?
2 /e -
Simplified equation: t = =100 clup=fto-rad/sec
-10 1b-ft -
Simplifving:. :
1) t = 10 slug-ft-rad/sec B
ib %
2) t = -10 slup-ft-rad/sec N
1D '
' _ nluﬂ-Ft2—rad/sec
3) t =1/10 10 -
, !
By t = 10 slup=-fte=rad/ncec i
b
C-n B
Unknown part b): Linear K.E. S k
Known: v = 10 ft/sec 9 = 3? ft./uac?
w = 16 1b. .
oyl
Equation: K. I, = 1/2 ¥V_ -
2
Substituted equations > -
K. E. = 1/2 10 1b x 100 Ft7Jacce .
10 ft/necd
Ancwer to part b): Linear K. §. =
2hH t£=1b —
Answer to part a): Rotational K.I. = 10 ft-1h. ;
-100- e
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Answer Sheet Name

A.

A car motor is rotating at A-a 1 , 2 3 , 4 s 5
1320 rpm and has an 8 in
diameter fan belt pulley. 6
What is the linear speed '
in mi/hr of the fan belt? b 1 , 2 3 , 4 , 5
6 7 , 8
. =~ v c 1 , 2 3 , AU s 5
{ — a1 , 2 3. L, b .5
e 1 ,2 3 ,’-l___
f1 ,2 3 b__
g 1 y 2 3 , U
hl , 2 3,4
A large flywheel with a 1 B-a 1 , 2 3 , 4 , B
ft radius has a moment of
inertia of 1 slug-ft2 and &
1s rotating at 100 radians
per second (approximately b 1 , 2 3 , 4 s 5
1000 rpm). If the maximum
frictional force that a 6 7, 8
brake shoe can apply to the
wheel is 10 1b, how long c 1 , 2 3 s A s 5
willl it take to stop the )
flywheel? Note: Direction 6 7 , 8
of rotation is opposite to
that of frictional force. d 1 , 2 3 , U » O
el , 2 3 4
f 1 s 2 3 , U .
g 1___, 2 3 , U
}‘11 ’2 3 ’l‘
il ,2 3 9“

-101-
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a) What Is the rotational C-a
kinetic energy of a 16 1b
bowling ball that is rollins

at 10 ft/sec without slin-

ping? b) What is its b
linear kinetic energy?

(The moment of inertia of

a solid sphere is 2/5 mr?.)
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APPENDTIX F

CONSTANTS: CONVERSION FACTORS
1516 2.5 em =1 in
.67 x 10-11lmm2/kg?2 1m= 3,28 ft
earth) = 6.3712 x 106n 1 mile = 5280 £t = 1.61 kn

9.8 m/sec2 = 32 ft/sec? 88 ft/sec = 60 ni/hr
arth) = 5.975 x 1024 kg 1 slug = 14,6 kg

11v = 4,45 n

MATH FORMULAS 1 keal =
Circunference of circle = 2r 1 ft-lb = 1,36 3
Area of a circle = r2 j/sec = 738 ft-lb/sec

c sin © = a/c ft-1b/sec = Th6 watts
a cos 0 = b/e 013 x 105n/m2 = 14,7 1b/in?
© tan @ = a/b

b

GLOSSARY

d distance t time v weight
s length v velocity F force
L length, moment arm a acceleration T tension
h height m mass N normal force
r radius & angular velocity A coeff, of friction
R range o angular acceleration W work
@ angle g acceleration due to gravity P power

‘ | “tY torque

FORMULAS
Motion:

linear _&7_a lar Free Fall:
= a/t w= 0/t h = vet - 1/2 gt?
8 = Y10 = W=-%o
T t
for constant acceleration: Trajectory Motion:
v = vo + at Q=0 + At v.2
d = vt = vot + 1/2 at?2 0 =Wt =Wot + 1/2(t2 R=.L_.sin2 80
v2 = vg2 + 2ad Wa=w2+2 6 8

Newton's first law of motion: =.F = ma (SF and a are vectors)
special form for force due to gravity: w =mg 2
Frictional force: Ff = ):N Centripetal acceleration: a, = 11-"-
Centripetal force: F, =m v2 Work: W = Fd (when F is at angle &
r from d: W = Fd cos 0)
Power: P =4 Object in equilibrium: E F =0
t Rotational equilibrium: ST =0
Torque: T = FL Gravitationsl force: Fp = G mLl2

re
Momentum: mv ,
Kinetic energy: K& = 1/2 mve Positional potential emergy: PE = mgh

yNITS

British system Metric systenm
Length foot (ft) neter (m)
Mass slug kilogran (kg)
Time second (sec) second (sec)
Acceleration foot /second? (£t/sec?) meter /second? (m/sec?)
Force slug-ft/sec2 = pound (1b) kg-m/sec2 = newton (n)

-103-




APPENDTIX G

PRETEST FOR SELF-STUDY PROGRAMS

Read the problem carefully. Use onlv the information on the
test and the accommanying vage. (Some questions have more than
one answer.)

‘Al
L]

.

Find the vector sum of two ten nound forces. One is to the
right and at an angle of thirtv degrees above the horizontal
and the other is to the right and at an angle of sixtyv desrees
above the horizontal.

1) 19.3 1b. at §0°
) 3.73 1b. at 50°
3) 19.3 1b. at As°
) 3.73 1b. at h5°
) 37.3 1b. at ure
) 1.93 1b. at un°

(oA NS EF LU RO I

In the oroblem: "A stone is drooned from the tor of a one
hundred foot tower. How fast is it travelins when it hits
the ground?", the unknown in the nroblem is:

1) time
2) velocity
3) acceleration
4) acceleration due to gravity
5) deceleration
2
The term ﬂ%i has the units of
acceleration
masa
force

weiprht
velocity

-l s DO
e e . o

In problemq which involve an object dronned from a heirsht h,
h=1/2 gt“ The object hits the ground with a final
velocity v = 2h/t. Tf we combine these two equations to
cbtaln another equation which does not involve h we get

2h \'4
1 t = ——. = -
) v ot =g
l)
2) AR = £
2) t = £t 5) t = 5o
o)
3) t = 2&
P
-104-
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5. "A stone is thrown upward with an inittal velocitv of sixty-
four feet per second. How high will the stone go?"

Which of the following information is given or imolied in
the problem?

1) v = 64 ft/sec
2) g = 32 ft/sec?
3) Vo=0

by v =0

5) h = 64 ft

6) vo = 64 ft/sec

6. The definition of a newton is:

- 71 kilogram-meter

1l newton = 1 ~econd? . Then
newtons
KIlograms has units of

1) force

2) weight

3) mass

) acceleration

5) velocity

6) time

7. The two equations, w - mg and £F = ma, are often combined
in problems involving force and motion. Combining these
two equations into a single equation for (a) that does not
involve m, we get

_ &F
1) a = —WE
2) a=g
w
- = Fw
3) a =
4) a = =F&

8. "What force is necessary to increase the velocity of a four-
thousand pound automobile from fifty-five miles ner hour to
sixty-five miles per hour in three seconds?"

Which of the following information, elther given or imonlied
in the problem, is necessary to obtain the answer?

=105=~
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10.

1) m = 1000 1b 5) v, = 55 mt/hr

2) g = 32 ft/seec? 6 v = 65 mi/hr

3) w = 4000 1b. 7) a = 10 mi/hr/sec
4) ¢t = 3 seconds 8) W = 4000 1b.

"A 64 1b. object is pulled across a tahle at a constant
speed of 1/2 ft/sec by a force of 16 lb. The coefficient

of friction between the object and the table is .250. What

is the mass of the object?"

Which of the following items from the rroblem and
accompanving nage are necessarv to obtain the answer?

1) aAt = .25
2) = 64 1b.
3) w = 16 1b,
Uy w = 16 1b.
5) v = 1/2 ft/sec
6) g = 32 ft/sec
7) w = 64 1b.
8) a = 1/2 ft/sec
9) m = 16 1b,
10) Fe = 16 1b.

The maximum force that the brakes can anply to a 3200 1h,
car is 1000 1b. How far will 1t travel in coming to a
stoo from 60 mi/hr. Assume 1t does not slide. The
answer 1is

1) 115 ft.
2) 121 ft.
3) 180 ft.
4) 246 ft.
5) 386 ft.

-106-~
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POST TEST FOR SELF~STUDY PROGRAMS

Read the problem carefully. Use only the information on the

test and the accompanying page. (Some questions have more than
one answer. )

Find the vector sum of two five pound forces. One is to
the right and at an angle of thirty degrees above the
horizontal and the other is to the right and at an angle
of sixty degrees above the horizontal.

l) 9.66 1b. at 50°
2) 3.73 1b. at 50°
3) 3.73 1b. at us°
4) 9.66 1lb. at Us°
5) 1.93 1b. at UuK°

In the problem* "The shaft of a motor rotates at the con-
stant angular velocity of 3000 rpom. How many revolutions
will 1t have turned through in 1/2 min?", the unknown is:

1) time

2) angular velocity
3) angle

4) acceleration

5) radius

The quantity 1/4 m r%gﬁ has the units of

1) energy

2) force

3) acceleration
4) dinertia

5) velocity

In problems which involve a spherical object accelerating
down an inclined plane, the friectional force between the
sphere and plane produces a torque which in turn results
in the rotational motion of the sphere. The equation for
rotational motion is then, @= I . Using the relations

= Fpr, a = r{ and I = 2/5 mr? the relationship between
frictional force, Fp and the acceleration down the plane is

1) Ff S ma

2) Fg = 2/5 mrla
3) Fs = 1/2 mr2a
§) Fp = 2/5 ma
5) Fp = 2/5 mK

-107-
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this deceleration?”

Which of the following inCormation ir

in the problem?

1) t = 6 sec

2 v=20

3) ® = 4000 1b

4 m = 2 tons

5) w = 4000 1b R
6) g = 32 ft/sec’
7) Vg =0

8) v = 60 mph

9) v, = 60 mnh
10) 2 = 10 ft/sec?

6. M™he definition of n watt 1n:

1 newton-meter

1l watt =
seacond

watt-second .. units of
meter

1) force

?) mass

3) acceleration
4) velocity

") time

, y . g .
7. "The two eauntions, ¥ = na and Pd = 1/° mv ,avre oten
combined in rnrohlems involvinge
these two equations into a usinmle eauntlon for v that does

not. involve F, we met
R
1) v dAm‘ n

Lo
AD IERY; =|nJ?Wn

\)Pdmn

e o man « comagf

) v = ¢ Pda

3) v

q) v = Ddn

-10k-
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10.

"A 3200 1b automobile traveling at 30 mph is brought to
a stop by a telephone pole in one half second. What
average force did the pole exert on the automobile?"

Which of the following information, either given or
implied in the problem, is necessary to obtain the answer?

3200 1b

30 mph

32 ft/sec?

15 mph/sec
3200 1b

0 mph = 44 ft/sec
o< 30 mph

0

1/2 sec

3200 1b

<3

O\O O~ Il £ N =
N N BB o o N
< <SWwWE O

il
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"What 1s the increase in votential energy of a 100 1b
object that 1s 1lifted slowly to a height of 100 f£t2"

Which of the following information from the oroblem is
necessary to obtain the answer?

1) m= 100 1b.
2) h = 100 ft
3) g = 32 ft/sec?
4) w = 100 1b
5) F = 100 1b

A. flywheel rotating at 1000 rpm stopms in 10 revolutions.

What 1s the angular acceleration of the flywheel in radians

per second squared? The answer is

1) o« = 500 rad/sec?
2) o= -80 rad/sec?

3) « =5 rad/sec?
4) o= -500 rad/sec?
5) o€ = 80 rad/sec?
6) o = -5 rad/sec?

-~109-
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APPENDTIZX H
QUESTTONNAIRI

Strongly  Hildly Mot Mildly Strongly
Agree Agcree Sure Dirapree  Disagree

Do you feel that the
programs were a help
to you in problem
solving?

_]
|
|

Did the problems
have too much detail?

|

Were the problems R e
generally too ]
difficult?

Weore thoe programs
too longm? ]

Did you like the
colored slides better

than the black and i
white slides?

A=V written
Which form of the programs
did yvou usce?

Pease make any comment s yvou care to make about the nroprams,

oo et e S v ity Steag MG S NS Wk wh imen § RGN @ SOGe L S A4 IS (& Kewmd. s e SR ssdsoaepelte f 8 M e WEiekE s M BEAC @ RSN A 8
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